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Abstract
Taking into account the different forms of the Coulomb-hadron interference phase
and the possible spin-flip contribution the new analysis of the experimental data of the
proton-antiproton elastic scattering at 3.8 < pL < 6.0 GeV/c and small momentum
transfer is carried out. It is shown that the size of the spin-flip amplitude can be
determined from the form of the differential cross sections at small t, and the deviation
of ρ(s, t) obtained from the examined experimental data of the pp¯ scattering from the
analysis [1], based on the dispersion relations, is conserved in all examined assumptions.
The analysis of the proton-proton elastic scattering at 9 < pL < 70 GeV/c also shows
the impact of the examined effects on the form of the differential cross sections.
1 Introduction
Hadronic high-energy physics has progressed tremendously since the early days of the
S-Matrix theory and of Regge poles. Initially, it was believed that the imaginary part
of the (spin-non-flip) amplitude was what really mattered in the forward direction be-
cause of the constraints coming from unitarity [2]. Eventually, this led to the birth and
growth of the pomeron philosophy. As time went by and the analysis got more and
more refined and higher and higher energies were explored, people realized that the
actual picture was considerably more complex. Analyticity soon showed that one could
not do without a real part [3, 4] while polarization data proved that it was not possible
to ignore spin complications. The long believed axiom that ”spin complications disap-
pear at asymptotic energies” has (so far) never found confirmation; alternatively, the
asymptotic domain has never been reached (yet). In fact, it was shown that the spin-
flip amplitude gives a non negligible contribution and indeed it was the polarization
data that led to the first decline of the simple minded Regge pole picture.
The measure of the s-dependence of the total cross sections σtot(s) and of ρ(s, t) - the
ratio of the real to imaginary part of the elastic scattering amplitude is very important
as they are connected to each other through the integral dispersion relations
ρ pp
pp¯
(E)σ pp
pp¯
(E) =
A pp
pp¯
p
+
E
πp
∫
∞
m
dE
′
p
′
[
σ pp
pp¯
(E′)
E′(E′ − E) −
σ pp¯
pp
(E′)
E′(E′ + E)
]. (1)
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Figure 1: ρ(s, t = 0) - the ratio of the real to imaginary part of the elastic scattering
amplitude of a(top plot) for pp scattering [experimental points - the world database); with
curves of the different models and b(bottom plot) for pp¯ scattering at low energies (triangles
- the fit with fixed σtot and circles - the fit with ”free σtot” the curve is the dispersion relation
description for the pp¯ scattering
The validity of this relation can be checked at LHC energies [5]. The deviation
can point out to the existence of a fundamental length at TeV energies [6, 7]. But
for such a conclusion we should know with high accuracy the lower energy data as
well. The difficulty is that we do not know the energy dependence of these amplitudes
and individual contributions of the asymptotic non-dying spin-flip amplitudes. As
was noted in [8], the spin-dependent part of the interaction in pp scattering is more
important than expected and a good fit to the data in the Regge model requires an
enormous number of poles.
As we do not know exactly, from a theoretical viewpoint, the dependence of the
scattering amplitude on s and t one, it is usually assumed that the imaginary and real
parts of the spin-nonflip amplitude behave exponentially with the same slope. Similarly,
one assumes the imaginary and real parts of the spin-flip amplitudes (without the
kinematic factor
√|t|) to have an analogous t-dependence in the examined domain of
momenta transfer. Moreover, one assumes energy independence of the ratio of spin-flip
to spin-non-flip parts at small t. All this is our theoretical uncertainty.
In this paper we consider in the greatest detail the situation concerning ρ(s, t).
The model we propose takes into account all known features of the near forward pro-
ton proton and proton antiproton data, slopes of the spin-non-flip and of spin-flip
amplitudes, total cross sections, ratios of the real to the imaginary forward amplitudes
and Coulomb-nuclear interference phase where the form factors of the nucleons are also
considered. Our main difficulty is due to the lack of experimental data at high energies
and small momenta transfer with high accuracies.
The non-trivial procedure of the extraction of the size of ρ(s, t) from the experimen-
tal data on the differential cross sections shows the semi-phenomenological properties
of ρ(s, t). Its size is dependent on some theoretical assumption [9]. For example, a
significant discrepancy in the experimental measurement of ρ was found by the UA4
and UA4/2 collaborations at
√
s = 541 GeV. But a more careful extrapolation [10]
to t = 0 shows that there is no real contradiction between these measurements and
gives for this energy ρ(
√
s = 541GeV, t = 0) = 0.163, the same as in the previous
phenomenological analysis [11].
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Of course, we have plenty of experimental data in the domain of small t at low ener-
gies 3 < pL < 100 (GeV/c). Unfortunately, most of these data come with large errors.
The extracted sizes of ρ(s, t = 0) contradict each other in the different experiments
(Fig.1a) and give a bad χ2 in the different models trying to describe the s-dependence of
ρ(s, t = 0) (see, for example, the results of the COMPETE Collaboration [12, 13, 14]).
It is of first importance that a more careful analysis of these experimental data gives in
some cases an essentially different extrapolation for ρ(s, t = 0). For example, the anal-
ysis of the experimental data made in [11], which takes into account the uncertainty
of the total cross sections (3-parameters fit) and the uncertainty of the Luminosity
(4-parameters fit) gave a ρ(s, t = 0), which differs from the original values obtained
by the experimental group, by 25% on average. For example, for pL = 19.23 GeV/c
the experimental work gave ρ(s, t = 0) = −0.25 ± 0.03 and for pL = 38.01 GeV/c
ρ(s, t = 0) = −0.17 ± 0.03. The analysis with free 4-parameters gave for these values:
ρ(s, t = 0) = −0.32 ± 0.08 and ρ(s, t = 0) = −0.12 ± 0.03, respectively. This kind of
picture was confirmed by the independent analysis of the experimental data [15, 16]
52 < pL < 400 (GeV/c) of Fajardo [17] and Selyugin [11]. Both new analyses coincide
with each other but differ from the original experimental determination.
The data on proton-antiproton elastic scattering at 3.7 < pL < 6.2 (GeV/c) are
most interesting. These experimental data have high accuracies and give the extracted
value of ρ(s) with high precision [18]. On Fig.1(b) these data are shown together with
other experimental data and the predictions of the dispersion analysis carried out by
Kroll [1]. The data for ρ(s) essentially differ from the theoretical analysis. Hence, a
more careful analysis of the original experimental data is required to take into account
the different assumptions and corrections to the scattering amplitude.
In this paper we will examine how different effects can influence the determination
of ρ(s, t). First we will consider the effect of the Coulomb-hadron interference phase
(sections 2 and 3). Then we will consider spin effects (sections 4 and 5) and then,
briefly, the effect of oscillations (section 6).
2 The Coulomb phase and the hadron form-
factor
The electromagnetic amplitude can be calculated in the framework of QED. In the
one-photon approximation and the high energy approximation, it can be obtain [19]
for the spin-non-flip amplitudes:
F em1 = αf
2
1
s− 2m2
t
, F em3 = F
em
1 ; (2)
and the spin-flip amplitudes:
F em4 = −F em2 , F em5 = α
s
2m
√|t|f1f2. (3)
where f1(t) and f2(t) are the Sachs form factors of the proton
f1(t) =
4m2 − t(1 + k)
4m2 − t Gd, f2(t) =
4m2k
4m2 − tGd, (4)
with Gd = (1 − t/Λ2)−2; where t = −q2 GeV2 is the momentum transfer, Λ2 = 0.71
GeV2, m is the proton mass, and k = 1.793 is the anomalous magnetic moment of the
proton.
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The differential cross sections of nucleon-nucleon elastic scattering can be written
as the sum of different helicity amplitudes:
dσ
dt
=
2π
s2
(|φ1|2 + |φ2|2 + |φ3|2 + |φ4|2 + 4|φ5|2). (5)
Including electromagnetic and hadronic interactions, every amplitude φi(s, t), can
be expressed as
φi(s, t) = F
em
i exp (iαϕ(s, t)) + F
h
i (s, t), (6)
where
ϕ(s, t) = ϕC(t)− ϕCh(s, t). (7)
ϕC(t) will be calculated in the second Born approximation in order to allow the evalua-
tion of the Coulomb-hadron interference term ϕCh(s, t). The quantity ϕ(s, t) has been
calculated and discussed by many authors. For high energies, the first results were
obtained by Akhiezer, Pomeranchuk [20] for the diffraction on a black nucleus. Using
the WKB approach in potential theory, Bethe [21] derived ϕ(s, t) for proton-nucleus
scattering
ϕ(s, t) = 2 ln (1.06/qa), (8)
where the parameter, a, characterizing the range of the strong-interaction forces is
defined by the size of a nucleus. After some improvement [22, 23], the most important
result was obtained by Locher [24] and then by West and Yennie using the Feynman
diagram technique [25]. If the hadron amplitude has the usual Gaussian form
F h(s, t) = hnf (s) exp (−B(s) q2/2), (9)
where hnf denotes the ”non-flip” amplitude, one gets the standard phase which is used
in most experimental works,
ϕ(s, t) = ∓[ln (−B(s)t/2) + γ], (10)
where B(s)/2 is the slope of the nuclear amplitude, γ is the Euler constant, and the
upper (lower) sign corresponds to the scattering of particles with the same (opposite)
charges.
The influence of the electromagnetic form factor of the scattered particles on ϕCh
in the framework of the eikonal approach was examined by Cahn [26]. He derived for
t→ 0 the eikonal analogue of [25] and obtained the phase, with take into account the
form factor in the monopole form,
ϕCh(s, t) = ∓[γ + ln (B(s)|t|/2) + ln (1 + 8/(B(s)Λ2))
+(4|t|/Λ2) ln (4|t|/Λ2) + 2|t|/Λ2], (11)
where Λ = 0.71 GeV2. For the dypol form of the form factor it is need take some
approximation with Λ = 0.71/4 GeV2.
The calculations of the phase factor beyond the limit t→ 0 was carried out in [27].
In the absence of nuclear forces, we have only the Coulomb amplitude. In the second
Born approximation there appear the additional phase, ϕ(t)C which are sufficiently
complicated but eventually exactly calculable (see refs. [27, 28, 29] for details). As a
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Table 1 Proton-antiproton scattering (the phase dependence)
pL(
GeV
c
) N ρexp. ρϕ(Born),n=1 ρϕ(our),n=1 ρϕ(our),n−free n
3.702 134 +0.018 +0.046± 0.005 +0.033± 0.01 −0.004± 0.005 1.08
4.066 34 −0.015 +0.038± 0.008 +0.026± 0.01 −0.039± 0.02 1.15
5.603 215 −0.047 +0.004± 0.003 −0.004± 0.003 −0.037± 0.015 1.06
5.724 115 −0.051 +0.014± 0.01 +0.002± 0.004 −0.053± 0.012 1.12
5.941 140 −0.063 −0.002± 0.005 −0.012± 0.004 −0.075± 0.013 1.13
6.234 34 −0.06 −0.016± 0.004 −0.028± 0.02 −0.007± 0.02 0.96
result, for the total Coulomb scattering amplitude, we have the eikonal approximation
of the second order in α(= e2/hc)
FC(q) = F
1B
C + F
2B
C = −
α
q2
[
Λ4
(Λ2 + q2)2
][1 + iα({ln(λ
2
q2
) + νs}], (12)
where
νs = A ln(
(Λ2 + q2)2
Λ2q2
) + B ln(
4Λ2
(
√
(4Λ2 + q2 + q)2
) + C. (13)
The coefficients A,B,C are defined in [29].
A =
q2(2Λ2 + q2)
Λ4
; C =
2Λ4 − 17Λ2q2 − q4
(4Λ2 + q2)2
;
B =
(Λ2 + q2)2[4Λ4(Λ2 + 7q2) + q4(10Λ2 + q2)]
Λ4q(4Λ2 + q2)5/2
. (14)
The impact of the spin of the scattered particles was analyzed in [19, 30] by using
the eikonal approach for the scattering amplitude. Using the helicity formalism for
high energy hadron scattering in [19] it was shown that at small angles, all the helicity
amplitudes have the same ϕ(s, t).
3 Impact of the Coulomb-hadron interference
phase
Let us define the hadronic spin-non-flip amplitudes as
F hnf(s, t) =
[
F h1 (s, t) + F
h
3 (s, t)
]
/2; (15)
Equations (15) were applied at high energies and at small momentum transfer, with
the following usual assumptions for helicity amplitudes: φ1 = φ3, φ2 = φ4 = 0 ; and,
as usual, we neglect in this section the possible contribution of the spin-flip amplitude.
We now compare fits to the experimental pp¯-scattering [18, 31, 32, 33] data at low
energies with different approximations for the Coulomb-hadron interference phase fac-
tor (see also [34]). Here we also include the additional normalization of the differential
cross sections n which reflects the systematical errors of the luminosity. First, we use
the simple form of the phase, eq. (10), with taking into account the n = 1. The values
obtained for ρ(s, t = 0) are shown in the second column of Table 1. The results lie
above the values of ρ(s) extracted during the experiments.
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If we take a slightly more complicated phase, eq.(11), with the dipole form factor
and our correction term, eq.12, taking into account the two photon approximation and
the dipole form factor, the new fitting procedure with n = 1 gives the different sizes
of ρ(s) (3 column of Table 1). Now the results slightly decrease but still lie above
ρexper. for all examined energies. (see Fig.1b). If we take n as a free parameter, the
obtained size of ρ more decrease as well, in two cases (pL = 3.7 and 4.066 GeV/c) lie
slightly lower then the ρexper.. However, in this case we obtain large corrections of the
normalization of the experimental data (up to 15%). It is shown that the form of the
differential cross sections is far away from the simple exponential dependence.
4 The slope of the hadron spin-flip amplitude
As it is not possible to calculate exactly the hadronic amplitudes from first principles,
we have to resort to some assumptions for what concerns their form (s and t depen-
dence) [35, 36, 37]. Let us define the slope of the scattering amplitude as the derivative
of the logarithm of the amplitudes with respect to t. For an exponential form of the
amplitudes this coincides with the usual slope of the differential cross sections divided
by 2.
In most analyses, one makes the assumptions that the imaginary and real parts of
the spin-non-flip amplitude have an exponential behavior with the same slope and that
the imaginary and real parts of the spin-flip amplitudes, without the kinematic factor√|t| [38], are proportional to the corresponding parts of the non-flip amplitude.
That is not so as regards the t dependence was shown in Ref. [39], where F hsf is
multiplied by a phenomenological t-dependent function. Moreover, one usually takes
the ratio of the spin-flip parts to the spin-non-flip parts of the scattering amplitude to
be energy independent. All this is our theoretical uncertainty [37, 40]. In [41] it was
shown that in the case B− = 2B+ the contribution of the spin-flip amplitude can be
felt in the differential cross sections of the elastic hadron scattering at small momentum
transfer.
According to the standard interpretation, the hadron spin-flip amplitude is con-
nected with quark exchange between the scattering hadrons, and at large energy
and small angles it can be neglected. Some models, which take into account non-
perturbative effects, lead to the non-dying hadron spin-flip amplitude [42, 43, 44, 45,
46]. Another complicated question is related to the difference in phases of the spin-
non-flip and spin-flip amplitude.
We introduce the small-t spin non-flip amplitude in the form
Im F hnf (s, t) ∼ exp(B+1 t), Re F hnf (s, t) ∼ exp(B+2 t), (16)
and we define the ”residual” spin flip amplitude where the kinematical vanishing at
t = 0 has been removed.
ImF˜ hsf (s, t) =
1√|t|Imφ
h
5(s, t) ∼ exp(B−1 t); ReF˜ hsf (s, t) = ∼ exp(B−2 t). (17)
At small t (∼ 0÷ 0.1 GeV 2), practically all semiphenomenological analyses assume:
B+1 ≈ B+2 ≈ B−1 ≈ B−2 .
Actually, if we take the eikonal representation for the helicity amplitudes
F hnf (s, t) = −ip
∫
∞
0
b db J0(qb)[e
χ0(s,b) − 1], (18)
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F hsf (s, t) = −ip
∫
∞
0
b db J1(qb) χ1(s, b) e
χ0(s,b). (19)
where
χ0(s, b) =
1
2ip
∫
∞
−∞
dz V0(~b, z); (20)
χ1(s, b) =
b
2ip
∫
∞
−∞
dz V1(~b, z) (21)
If the potentials V0 and V1 are assumed to have a Gaussian form
V0,1(b, z) ∼
∫
∞
−∞
1
4B
√
πB
e r
2/(4B) dz =
1
2B
e−b
2/(4B)
where r2 = b2 + z2. In the first Born approximation φh1 and φˆ
h
5 will have the same
slope
F hnf (s, t) ∼
∫
∞
0
b db J0(qb)e
−b2/(4B)/(2B) = e−Bq
2
;
F hsf (s, t) ∼
∫
∞
0
b2 db J1(qb) e
−b2/(4B)/(2B) = 2 q B e−Bq
2
. (22)
In this special case, therefore, the slopes of the spin-flip and “residual”spin-non-flip
amplitudes are indeed the same.
The first observation that the slopes don’t coincide was made in [48, 49]. It was
found from the analysis of the π±p → π±p and pp → pp reactions at pL = 20 ÷
30 GeV/c that the slope of the “residual” spin-flip amplitude is about twice as large
as the slope of the spin-non flip amplitude. This conclusion was confirmed by the
phenomenological analysis carried out in [8] for spin correlation parameters of the
elastic proton-proton scattering at pL = 6 GeV/c.
The model-dependent analysis based on all the existing experimental data of the
spin-correlation parameters above pL ≥ 6 GeV allows us to determine the structure of
the hadron spin-flip amplitude at high energies and to predict its behavior at superhigh
energies [47]. This analysis shows that the ratios Re φh5(s, t)/(
√|t| Re φh1(s, t)) and
Im φh5(s, t)/(
√|t| Im φh1(s, t)) depend on s and t. At small momentum transfers, it
was found that the slope of the “residual” spin-flip amplitudes is approximately twice
the slope of the spin-non flip amplitude.
Let us see what we obtain in the case of an exponential tail for the potentials [36].
If we take
χi(s, b) ∼ H e−a b,
and use the standard integral representation
∫
∞
0
xα−1 exp(−p x)Jν(cx) dx = Iαν ,
with
Iν+2ν = 2p (2c)
ν Γ(ν + 3/2)1/[
√
π(p2 + c2)3/2],
we obtain
Fnf (s, t) =
∫
ρ dρ e−a ρ J0(ρq) =
a
(a2 + q2)3/2
≈ 1
a
√
a2 + q2
e−Bq
2
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with B = 1/a2, where we have used the approximation
1/(1 + x) ∼ (1− x) ∼ exp(−x).
For the “residual” spin-flip amplitude, on the other hand, we obtain
√
|t|F˜sf (s, t) =
∫
b2 db e−a b J1(qb) =
3 a q
(a2 + q2)5/2
≈ 3 aq B
2√
a2 + q2
e−2 Bq
2
(23)
In this case, therefore, the slope of the “residual” spin-flip amplitude exceeds the slope
of the spin-non-flip amplitudes by a factor of two.
Hence, a long tail hadron potential implies a significant difference of the slopes of
the “residual” spin-flip and of the spin-non-flip amplitudes. Note, that the procedure
of eikonalization would lead to a further increase of the difference of these two slopes.
5 Impact of the spin-flip contribution
In [50], it is claimed that the analysis of the low energy experimental data is not affected
by the spin-flip amplitude on the extracted value of ρ(s, t). We believe that this result
must be checked up carefully and that at low energies the size of the spin-flip amplitude
is non negligible. In this work, we examine a simple model for the spin-flip amplitude
and try to find its impact on the determination of ρ(s, t) from the low energy data of
proton-proton scattering. Based on the analysis carried out in the previous section we
take the spin non-flip and spin flip amplitudes in the simplest exponential form
F hnf = hnf [i+ ρ(s, t = 0)] e
B+t/2; (24)
and
F hsf =
√−t/mp hsf [i+ ρ(s, t = 0)] eB−t/2, (25)
with B− = 2B+. and the full amplitudes will include the corresponding electromag-
netic parts and the Coulomb-hadron phase factors as analyzed previously.
The results of our new fits of the proton-antiproton experimental data at pL =
3.7..6.2 GeV/c are presented in Table 2. The changes of
∑
i χ
2
i after including the
contribution of the spin-flip amplitude are reflected by the coefficient
R∑
i
χ2
i
=
∑
i χ
2
i without sf. −K
∑
i χ
2
i with sf.∑
i χ
2
i without sf.
. (26)
where K = (N −m1)/(N −m2) is the coefficient taking into account the difference of
the number of free parameters (m1 = 3 for the case without spin-flip contribution and
m2 = 4 with taking into account the spin-flip contribution).
We obtain the sizes of ρ(s, t = 0) close to zero and prevalently positive. The
contribution of the spin-flip amplitude is sizeable and impacts the extracted values of
ρ(s, t = 0). Most remarkable is that the obtained size of the constant of the spin-flip
amplitude coincides for practically all examined energies. These constants are pretty
large and have sufficiently small errors. This shows that a careful analysis of the size
of ρ requires to take into account the contribution of the spin-flip amplitude to the
differential cross section at small angles, at least at not too high energies.
The corresponding analysis was made for the proton-proton elastic scattering (see
Table 3). Again the size of the hadron spin-flip amplitude is determined sufficiently
well. The changes of the size of ρ(s, t = 0) are 5% ÷ 10%. However, as these ex-
perimental data have larger errors then in the previous data of the proton-antiproton
scattering, the determination of the spin-flip amplitude is worst and the impact its
contribution on the determined size of the ρ(s, t = 0) is small.
8
Table 2 Proton-antiproton elastic scattering (the spin dependence)
pL(GeV/c) N ρexp. Rχ2 ρmodel hsf , GeV
3.702 134 +0.018± 0.014 7.3% +0.055± 0.001 38.3± 0.4
4.066 34 −0.015± 0.024 22.5% +0.061± 0.02 45.4± 6.7
5.603 215 −0.047± 0.017 3.1% +0.002± 0.005 31.1± 3.7
5.724 115 −0.051± 0.011 5.7% +0.023± 0.001 30.8± 0.4
5.941 140 −0.063± 0.015 3.8% +0.009± 0.016 38.6± 0.4
Table 3 Proton-proton elastic scattering (the spin dependence)
pL(GeV/c) N ρexp. Rχ2 ρmodel hsf , GeV
9.4 34 −0.372± 0. 1.2% −0.413± 0.02 32.1± 15.2
18.9 67 −0.266± 0.008 4.8% −0.283± 0.011 7.8± 1.7
38. 65 −0.161± 0.006 2.6% −0.169± 0.007 6.9± 1.7
39.4 47 −0.195± 0.015 0.02% −0.201± 0.01 15.76± 5.
40.6 65 −0.159± 0.007 0.1% −0.17± 0.01 12.9± 1.2
69.5 73 −0.1066± 0.011 3.6% −0.119± 0.015 8.5± 0.2
6 Additional effects (oscillation)
Previously we have examined various standard corrections to the exponential behavior
of the elastic scattering amplitude. However, some additional corrections connected
with non-standard contributions to the main exponential amplitude should be taken
into account, such as bumps in the momentum transfer [51], or small-t additional os-
cillations in the scattering amplitude [52, 53]. Such oscillations were noted at high
energy in the analysis of the UA4/2 Collaboration [54]. Recently many other experi-
mental data have been analyzed for the presence of oscillations [5, 55]. The analysis
points to the possible existence of oscillations in the low energy experimental data of
the proton-antiproton scattering at 3.8 ≤ pL ≤ 6.2 GeV [55].
Let us try to simulate additional oscillations of the elastic scattering amplitude in
the form
F hosc(t) = hosc sin[π (φ0 + q)/q0] G
2
d(t). (27)
where Gd(t) is the standard dipole form factor, φ0 is the starting phase, and q0 is mo-
mentum transfer determining the period of the oscillation function (order ∼ 0.015 GeV
). The largest contribution comes from the interference of this amplitude with the elec-
tromagnetic part of the scattering amplitude. The inclusion of such an additional
amplitude essentially decreases χ2 in the analysis of the proton-antiproton elastic scat-
tering (see Rχ2 in Table 4, where Rχ2 is defined in eq.(26). The decreasing that occurs
for proton-proton scattering (see, Table 5) less pronounced, but still visible. Practi-
cally in all cases the sizes of the spin-flip amplitude and the additional oscillation part
are determined well. The new values of ρ(s, t = 0) for the proton-proton scattering lie
slightly lower than the experimental data. For the proton-antiproton the new sizes of
ρ(s, t = 0) are slightly above the experimental data (Fig.2).
9
Table 4 Proton-antiproton elastic scattering (the spin dependence + oscillations)
pL(GeV
c
) N ρexp. Rχ2 ρmodel hsf , GeV hosc.10
2, GeV
3.702 134 +0.018 12.7% +0.044± 0.01 34.7± 6.5 9.1± 3.7
4.066 34 −0.015 28.1% +0.055± 0.02 44.6± 6.5 9.1± 3.7
5.603 215 −0.047 19.5% −0.007± 0.005 12.7± 0.6 11.2± 2.3
5.724 115 −0.051 20.1% +0.007± 0.005 23.1± 0.9 13.9± 1.4
5.941 140 −0.063 20.4% −0.014± 0.002 24.7± 0.6 14.5± 0.4
Table 5 Proton-proton elastic scattering (the spin dependence + oscillations)
pL(GeV
c
) N ρexp. Rχ2 ρmodel hsf , GeV hosc.10
2, GeV
9.4 34 −0.372 1.2% −0.41± 0.028 35.8± 13.7 10.8± 4.7
18.9 67 −0.266 5.8% −0.28± 0.0117 7.8± 1.8 7.1± 2.9
38. 65 −0.161 2.3% −0.166± 0.007 6.9± 1.7 738± 0.5
39.4 47 −0.195 8.7% −0.19± 0.016 12.1± 3.8 7.38± 2.9
40.6 65 −0.159 8.2% −0.157± 0.011 11.5± 4.1 5.9± 2.1
69.5 73 −0.1066 19.3% −0.176± 0.002 8.2± 0.1 31.4± 2.4
Figure 2: ρ(s, t = 0) of the pp¯ scattering at low
energies (circles and points, as in Fig.1(b), squares - our extraction, see Table 4.
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7 Conclusion
Future new data from the LHC experiments will hopefully give the possibility to carry
out new analysis of the dispersion relation leading to new effects such as , for example,
a fundamental length of an order of TeV. However, for such analysis one also needs the
knowledge of the low energy data with high accuracy. As we have seen, the existing
forward-scattering data at pL = 4 ÷ 60 (GeV) of the size ρ(s, t) contradict each other
and the ρ(s, t) - data of the proton-antiproton scattering at pL = 3.7 ÷ 6.2 (GeV)
contradict the dispersion relations prediction in form [1]. The present analysis, which
includes the contributions of the different correction terms in most part support the
data of ρ(s, t = 0) obtained in [18] and show a larger difference with predictions of [1]
and coincide with some phenomenological analysis based on the dispersion relations
carried out in [56, 57]. However, the last works include in his phenomenological analysis
with many free parameters for low energy region the data of the proton-antiproton
scattering at pL = 3.7 ÷ 6.2 (GeV).
It is needed to note that taking into account the contribution of the spin-flip ampli-
tude improves the description of the differential cross sections and decreases χ2. Likely,
however, an additional analysis is needed to include additional corrections connected
with the possible oscillation in the scattering amplitude and with the t-dependence of
the spin-flip scattering amplitude. We hope that the forward experiments at NICA can
give valuable information for the improvement of our theoretical understanding of the
strong hadrons interaction. This is especially true for the experiment at NICA with
polarized beams.
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